Redo sternotomy in pediatric patients can be complicated due to the unsuitability of many arterial cannulation sites for the pediatric population. Innominate artery cannulation provides a safe and easily reproducible alternative and prevents many of the disadvantages seen in femoral and axillary artery cannulation. Its use in pediatric cardiac surgery has seen a rise [1] . Herein, we describe the technique for innominate artery cannulation in pediatric patients undergoing redo sternotomy and review our experience with the technique.
Introduction
Pediatric patients with complex congenital heart disease may require redo sternotomy. Surgical access can be challenging, time-consuming, and associated with the risk of major bleeding due to tissue scarring and adhesions between the heart and other structures in the mediastinum. A well-thought out preoperative plan can reduce the incidence of these injuries [2] . Particularly important to this surgery is the minimization of arterial and neurological complications [3] . A variety of cannulation sites are used to achieve this but are not always easily accessible or reliable. The ascending aorta is the standard cannulation site. Axillary artery cannulation requires additional time as well as presenting the risk of brachial plexus damage, seromas, and limb ischemias [4] . Due to small vessel size, femoral cannulation is unsuitable for infants under 15 kg and, for larger patients, can result in hematomas, seromas, neuropathies, limb ischemia, and li-mited mobility [5] . Thus, there is a need to develop a safe approach to achieving routine arterial access in pediatric patients undergoing redo sternotomy. Innominate artery cannulation during redo sternotomy, first introduced by Asou et al., has seen an increase in its use for patients with congenital heart defects [6] . Potential benefits include avoidance of cannulating the ascending aorta which is often adhered to the sternum and prevention of a second incision. Herein, we describe the technique and our results of innominate artery cannulation in pediatric patients undergoing redo sternotomy. Institutional Review Board approval was granted in August 2015 for this retrospective review of all patients undergoing innominate artery cannulation during reentry sternotomy for congenital heart disease.
Description of Technique
A preoperative chest X-ray or angiogram is reviewed to determine the relationship of the aorta to the posterior sternum. Based on the lateral film, if the heart is adhered to the sternum, the right common carotid or innominate artery is isolated prior to sternotomy. An arterial cannula size is chosen which best meets vessel size and flow requirements. The innominate artery represents an equivalent caliber vessel for aortic cannulation and often the arterial cannula does not need to be downsized.
The chest is entered through the previous sternotomy incision. The incision is extended to the medial aspect of the right sternocleidomastoid muscle, and the common carotid artery or innominate artery is isolated. The innominate artery is dissected until its bifurcation is identified. A tourniquet is placed loosely around the origin of the innominate artery. The remaining brachiocephalic vessels are isolated. A purse string suture is placed at the site chosen for cannulation on the innominate artery. After heparinization, an 11 blade is used to make an arteriotomy at the chosen cannulation site. The arterial cannula is introduced into the innominate artery and advanced towards the aorta. The tourniquet is tightened and a tie is used to secure the cannula to the tourniquet. The arterial cannula is de-aired and connected to the arterial line of the cardiopulmonary bypass (CPB) circuit. Arterial pulsatility is confirmed on the CPB circuit to ensure proper lumen placement of the cannula. After a venous cannula is inserted and an adequate activated clotting time (>480 seconds) is achieved, CPB may be initiated. Direct cannulation is done without use of a polytetrafluoroethylene graft.
Results
From August 2009 to December 2015, eight patients underwent innominate artery cannulation during a redo cardiac surgery, five of which underwent their second median sternotomy, two their third, and one their fourth. As seen in Table 1 , patients underwent redo sternotomy for a variety of congenital heart procedures for which innominate artery cannulation for CPB was necessary. The mean CPB time was 118 minutes and mean cross-clamp time was 30.5 minutes. Deep hypothermic circulatory arrest was used in three patients. Required flows during bypass were easily achieved and no mortality or change in clinical neurological status was observed ( Table 2) . 
Discussion
While there are a number of sites that can be utilized for arterial cannulation, many of these may be inappropriate for small pediatric patients. The innominate artery has increased in popularity as a cannulation site [7] [8]. The safety and efficacy of innominate artery cannulation was demonstrated by Nasirov et al. in a retrospective review of 42 pediatric patients undergoing aortic arch surgery [1] . There were no operative mortalities or evidence of clinical neurologic injury. Redo sternotomy in cardiac surgery carries a substantial amount of risk in pediatric patients and can be associated with cata-strophic injuries to mediastinal structures. Preoperative planning, including arterial cannulation access for CPB, is essential for the reduction of morbidity and mortality. We have found that innominate artery cannulation offers a safe and effective method for arterial cannulation in patients undergoing redo sternotomy. Our clinical experience with 8 patients demonstrated that adequate flow was achieved and no neurologic status change was found post-surgery. To our knowledge, no one has demonstrated the success of innominate artery cannulation in the variety of congenital heart disease procedures seen here. Innominate artery cannulation prevented the need for a second incision and avoided the possibility of neuropathic injuries or limb ischemia seen with femoral and axillary artery cannulation. Redo sternotomy may be complicated during entrance into the mediastinum due to adherence of structures to the posterior sternum following the first surgery. Innominate artery cannulation may be difficult with highly tortuous vessels [4] . In larger patients and in the adults, the axillary artery serves as a viable arterial cannulation site as an alternative to the innominate artery but cannot be used in smaller pediatric patients [9] [10].
Conclusion
Statistical analysis is limited with our sample size and a broader review with greater statistical power is needed. A comparison of complications between cannulation sites and a more thorough work-up of neurological status would provide the next steps to determine the long-term outcomes of this technique. However, the results from this study demonstrate the innominate artery as a simple and reproducible access option for cannulation in the high risk population of pediatric patients requiring redo sternotomy.
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